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SUMMARY 

The BioMass Process Demonstration Unit (PDU) electrical system is used 
for the power distribution and control of the many motors and process required 
loads. Study requirements include a complete system analysis and equipment 
evaluation, which includes conductor sizing, transformer sizing, breaker and fuse 
sizing, short-circuit analysis, load-flow analysis, protective-device coordination, 
arc-flash-hazard analysis, and a multi-state code and grounding review. The 
SKM System Analysis, Inc., software package was used to model the electrical 
system, and the input data used can be found in Appendix A. In addition, an 
electrical inspection walk thru was performed for code compliance, and the 
findings can be found in emails located in Appendix G. A complete set of ANSI 
A_Fault drawings are located in Appendix I.  

The A_FAULT package was used to calculate the short-circuit analysis. The 
short-circuit analysis report can be found in Appendix B and shows a variety of 
information, but the main points to observe are the values from the three-phase 
fault, the single-line to ground fault, and their X/R ratio values, respectably.  

Load flow analyses are performed to ensure that the electrical system can 
transfer power from the source to the loads in a stable and reliable manner. Load 
flows also help determine whether transformers and conductors are properly 
sized or if they will become overloaded. The results from the load flow analysis 
report can be found in Appendix C and show that some equipment could be 
overloaded at full load levels. The load-flow currents are used to monitor the 
ampacity rating limits of the cables to be sure that the sizing of each conductor 
was properly done. The following conductors have the potential to be overloaded 
as is shown in the equipment evaluation report found in Appendix F.  

 Both motor control center (MCC)1 cable (CBL)21 and MCC1 
CBL22 have a design ampacity value of 301.51amps and a 4/0 
American wire guage (AWG) cable rated at 230 amps. Consider 
upsizing these cables to a 350-kcmil-size cable rated at 310 amps.  

 MCC1 CBL5 has a design ampacity value of 544.53 amps and a 500 
kcmil cable rated at 380 amps. Consider upsizing this cable to a 
1000-kcmil-size cable rated at 545 amps. 

 MCC2 CBL27 has a design ampacity value of 75.38 amps and an 
8 AWG cable rated at 50 amps. Consider upsizing this cable to a 
4/0-AWG-size cable rated at 85 amps. 
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 Both MCC4 CBL48 and MCC4 CBL50 have a design ampacity 
value of 376.89 amps and a 350 kcmil cable rated at 310 amps. 
Consider upsizing these cables to a 500–kcmil-size cable rated at 
380 amps. 

 MCC4 CBL5 has a design ampacity value of 476.99 amps and a 
500 kcmil cable rated at 380 amps. Consider upsizing this cable to an 
800 kcmil size cable rated at 490 amps.  

 MCC1 transformer (Xfrmr)1 has a design ampacity value of 
11.25 amps and an ampacity rating of 10.8 amps. Consider upsizing 
this transformer to a 15-KVA-size rated for 18 amps. 

 MCC2 Xfrmr0* has a design ampacity value of 21.46 amps and an 
ampacity rating of 10.8 amps. Consider upsizing this transformer to a 
22.5 kVA size rated for 27 amps. *Note: It has been determined that 
the current cabinet in which this transformer is located can support 
up to a 15 KVA transformer. A 22.5 kVA transformer would require 
a new cabinet. The control-trailer load (approximately 30 amps) is 
the major load on this transformer and is not connected or at full load 
at all times; thus, a 15 kVA transformer would suffice for the other 
loads and it is believed that a 15 kVA transformer would support the 
control-trailer load, but would have a reduced life because of the 
overloading incurred during control-trailer loading. 

The protective-device coordination study was performed in order to properly 
determine whether the breakers and fuses were properly sized and the settings 
appropriately set in order to protect the system. As part of the protective-device 
coordination, the Computer Aided Plotting for Time Overcurrent Reporting 
(CAPTOR) study module was used to plot the time-current coordination (TCC) 
characteristics of the electrical components to ensure that they protect the 
different electrical apparatus from possible overload and short-circuit currents. 
TCC report drawings can be found in Appendix D. This system has been 
protected with the functionality of the electrical components and the safety of the 
equipment and personnel working in the area in mind. Coordination has been 
done to isolate the area of abnormality and not interrupt the performance and 
operation of the rest of the system. However, our model (see Equipment 
Evaluation Report in Appendix F) indicates that a possibility for failure exists for 
breakers MCC1 DC-5, MCC4 AL-2, MCC4 CRF-1, MCC4 DC-1, MCC4 PM-2, 
MCC4 PMC-1, and MCC4 SC-3. 

An arc-flash analysis has been performed on the BioMass PDU electrical 
system to help provide safety guidance to reduce or prevent injury to workers. 
The results from the arc flash analysis show four main categories of concern, and 
the proper clothing and equipment for these categories are identified in section 
3.4 as well as in Appendix E. 

As part of the BioMass PDU project analysis, a grounding review and multi-
state code review was performed. As part of this review, it was suggested that the 
equipment grounding system and the static/lightning protections systems be 
integrated into one ground wire system. Figure 4 represents the grounded system 
as applied to the BioMass PDU application. Figure 5 and Figure 6 show multi-
state codes applicable to this system and a map of NEC adoption by state. 
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BioMass PDU Electrical Design Study UPDATE 
1. Overview 

 

2. Introduction 
 

3. System Study 
The BioMass PDU electrical system is used for the power distribution and control of the many motors 

and process-required loads. Study requirements include a complete system analysis and equipment 
evaluation, which includes conductor sizing, transformer sizing, breaker and fuse sizing, short-circuit and 
load-flow analysis, protective-device coordination, arc-flash hazard analysis, and a multi-state code and 
grounding review. In addition, an electrical-inspection walk thru was performed for code compliance. The 
findings can be found in emails located in Appendix G. 

Input information for all equipment modeled for the BioMass PDU project can be found in Appendix 
A. A simple one-line diagram of the electrical system can be seen in Figure 1, and the full set of drawings 
is located in Appendix H. 
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3.1 Short Circuit Analysis 
The A_FAULT package within the SKM System Analysis, Inc., software package that was used to 

model the electrical system was used to calculate the short circuit analysis. A_FAULT provides the fault 
calculations in compliance with ANSI C37 standards. The report shows a variety of information, but the 
main points to observe are the values from the three-phase fault, the single-line to ground fault, and their 
reactance/resistance (X/R) ratio values, respectably.  

Detailed information can be found in Appendix B, but Table 1 shows a summary of the model short 
circuit analysis results for the buses that are considered contributors of short circuit current. There are a 
total of 60 faulted buses considered as short circuit contributors by ANSI standards as they are modeled in 
this system. Some of the busses and their respective fault values are shown in the table below. 

Table 1: ANSI short-circuit summary. 
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The one-line diagram in Figure 2, above, also shows these values next to the corresponding bus, 
cables, fuses, breakers, and transformers. A complete set of this drawing can be found in Appendix I. 
These values were used to determine the magnitude of current available at various selected points of the 
electrical system when a fault occurs. The three-phase fault condition is used to measure the maximum 
current that will be seen on the system at the selected point during a fault. The point at which the fault 
occurs is on the source side of the device. This is done to determine whether or not the appropriate device 
will be able to interrupt the short-circuit current during fault situations. 

The short-circuit study gives the ability to determine if the breakers and fuses are capable of 
interrupting a fault, as well as verifying the appropriate sizing of the switchgear and bus bar sections. 

3.2 Load-Flow Analysis 
Load-flow analyses are performed to ensure that the electrical system can transfer power from the 

source to the loads in a stable and reliable manner. Load flows are performed to determine the steady-
state operation of the system, as well as calculate the voltage drop on each feeder, bus, and the power 
flow in all of the branch and feeder circuits within the system. Load flows also help determine whether 
transformers and conductors are properly sized or they will become overloaded. 

The results from the load-flow analysis show that some of the equipment (as specified later in this 
section) could have the possibility of being overloaded at full load levels; the full–load-flow analysis and 
the unbalanced system equipment evaluation report can be seen in Appendix C and Appendix F. Table 2 
shows the system voltage at the bus, the percent voltage drop at the bus, and the load flow voltage at the 
bus. However, due to the large size, the table below is only a sample version of the first few buses; for the 
complete table of all of the buses please see Appendix C, 9.1.  
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Table 2. Load-flow BUS information. 

 
Table 2 shows that the voltage drop percentages vary depending on the Phase. The next category that 

was studied during the load flow analysis was the conductors. Table 3 lists the results found, but as with 
the previous table, due to the size of this table, the table below only shows a sample of the results; the 
complete table has been supplied in Appendix C, 9.2. 

Table 3. Load-flow conductor information. 

 
 

In the tables above, note the amperes and rating percentage of the cables and the transformers. The 
utility-supplied transformer, as well as other conductors in the complete table in Appendix C, 9.2 and the 
equipment report in Appendix F, show ampacity ratings higher than the 100% capability of the conductor 
(also shown below in Table 4).  
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Table 4. Failed equipment report. 

 
 

The load flow currents are used to monitor the ampacity rating limits of the cables to be sure that the 
sizing of each conductor was properly done. It can be seen clearly in Table 6 above which conductors 
have the potential of being overloaded. Recommendations: 

 Both MCC1 CBL21 & MCC1 CBL22 have a design ampacity value of 301.51amps and a 4/0 AWG 
cable rated at 230 amps. Consider upsizing these cables to a 350 kcmil size cable rated at 310 amps.  

 MCC1 CBL5 has a design ampacity value of 544.53 amps and a 500 kcmil cable rated at 380 amps. 
Consider upsizing this cable to a 1000 kcmil size cable rated at 545 amps.  

 MCC2 CBL27 has a design ampacity value of 75.38 amps and an 8 AWG cable rated at 50 amps. 
Consider upsizing this cable to a 4/0 AWG size cable rated at 85 amps.  

 Both MCC4 CBL48 & MCC4 CBL50 have a design ampacity value of 376.89 amps and a 350 kcmil 
cable rated at 310 amps. Consider upsizing these cables to a 500 kcmil size cable rated at 380 amps. 

 MCC4 CBL5 has a design ampacity value of 476.99 amps and a 500 kcmil cable rated at 380 amps. 
Consider upsizing this cable to an 800 kcmil size cable rated at 490 amps.  

 MCC1 Xfrmr1 has a design ampacity value of 11.25 amps and an ampacity rating of 10.8 amps. 
Consider upsizing this transformer to a 15 KVA size rated for 18 amps. 

 MCC2 Xfrmr0* has a design ampacity value of 21.46 amps and an ampacity rating of 10.8 amps. 
Consider upsizing this transformer to a 22.5 KVA size rated for 27 amps. *Note: It has been 
determined that the current cabinet this transformer is located in can only support up to a 15 KVA 
transformer. A 22.5 KVA transformer would require a new cabinet. The control trailer load 
(approximately 30 amps) is the major load on this transformer and not connected or at full load at all 
times, thus a 15 KVA transformer would suffice for the other loads and it is believed that a 15 KVA 
transformer would support the control trailer load but would have a reduced life because of the 
overloading occurred during the control trailer loading. 
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Table 5, Table 6, and Table 7 show the load-flow results for the transformer, the utility, the loads, and 
the motors within the system. Note: again due to size, Table 6 and Table 7 are sample tables, with the 
complete set of results located in Appendix A, 7.4 and 7.5). Power, both real and reactive (kW and 
kVAR) have been shown, as well as percent voltage drop and load flow current (A). 

Table 5. Load-flow transformer (XFRMR) and utility information. 
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Table 6. Load-flow general load information. 
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Table 7. Load-flow induction motor information. 

 
 

3.3 Protective Device Coordination 
The protective device coordination study was performed in order to determine whether the breakers 

and fuses were properly sized, with settings appropriately set in order to protect the system. It is ideal to 
have the protective device interrupt only the section of the system that has the fault; when this is achieved 
as best as possible, the system is said to be coordinated. The device furthest from the utility was selected 
as the starting point for the coordination study. Working back towards the utility, the protective device 
coordination resulted in the following settings (samples shown below in Table 8 and Table 9, with 
complete tables found in Appendix A, 7.6 and 7.7) for each of the breakers and fuses on the system. 
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Table 8. Protective-device coordination breaker settings. 
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Table 9. Protective-device coordination fuse settings.

 
 

As part of the protective device coordination, the Computer Aided Plotting for Time Overcurrent 
Reporting (CAPTOR) study module was used to plot the TCC characteristics of the electrical components 
to ensure that they protect the various different electrical apparatus from possible overload and short-
circuit currents. As part of the study, the locked rotor starting curves were placed on a log-log grid as 
were the thermal and mechanical damage curves for cables and transformers. Each protective device was 
then plotted, showing its TCC curve based upon the manufacturer’s specifications that were loaded in 
from the device library. 

The following TCC drawing (Figure 3) represents the worst-case path from the largest motor load 
back to the utility and all of the electrical protection devices in between. Other TCC drawings can be seen 
in Appendix D. 
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Figure 3. Largest motor TCC drawing for protective-device coordination study. 

As shown in the TCC drawing, the coordination of the upstream protective devices is to limit the 
extent and duration of service interruption during an equipment failure or any other failure on the system. 
Reducing the amount of damage caused to the system components during such failures is also an 
objective of the protective-device coordination study. These failures are usually unpredictable, but good 
engineering design and judgment can reduce the adverse affects that the system can endure. 

This system has been protected in concert with the functionality of the electrical components and the 
safety of the equipment and personnel working in the area. Coordination has been done to isolate the area 
of abnormality and not to interrupt the performance and operation of the rest of the system. However, 
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Table 10 shows that a possibility for failure exists for breakers MCC1 DC-5, MCC4 AL-2, MCC4 CRF-1, 
MCC4 DC-1, MCC4 PM-2, MCC4 PMC-1, and MCC4 SC-3. 

Table 10. Breaker failure report. 

 
 

3.4 Arc Flash Hazard Analysis 
An arc-flash analysis has been performed on the BioMass PDU electrical system to help provide 

safety guidance to reduce or prevent injury to workers. The arc flash analysis also provides workers with 
the appropriate personal protective equipment (PPE), detailed system modeling and, most importantly, the 
ability to better protect against loss of life. 

The following information regarding the arc flash analysis does not guarantee full protection; it is 
always suggested to de-energize equipment before performing maintenance. However, this is not always 
an option, and the following results should aid in the protection of the workers involved. There are a few 
definitions regarding the information listed within the arc-flash analysis results that need to be described. 
All definitions have been taken from the SKM Power Tools for Windows Arc Flash Evaluation Study 
Manager.  

 Bus Name: Fault location for bus report. For line side and load side report options the bus refers to 
the equipment where the line side and load side protective devices are connected. 

 Protective Device Name : Refers to the protective device that clears the arcing fault or portion of the 
total arcing fault current. 

 Bus kV: Bus voltage at the fault location. 
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 Bus Bolted Fault Current (kA): The current flowing to a bus fault that occurs between two or more 
conductors or bus bars, where the impedance between the conductors is zero. 

 Bus Arcing Fault: The calculated arcing current on the faulted bus 

 Protective Device Bolted Fault Current (kA): The portion of the total bolted fault current that flows 
through a given protective device. 

 Protective Device Arcing Fault Current (kA): The arc current flowing through each protective device 
feeding the electric arc fault. Note that the total arc fault current may flow through several parallel 
sources to the arc location. 

 Trip/Delay Time: The time required for the protective device to operate for the given fault condition. 
In the case of a relay, the breaker opening time is entered separately from the relay trip time. For low 
voltage breakers and fuses, the trip time is assumed to be the total clearing curve or high tolerance of 
the published trip curve. 

 Breaker Opening Time: The time required for a breaker to open after receiving a signal from the trip 
unit to operate. The combination of the Trip/Delay time and the Breaker Opening time determines the 
total time required to clear the fault. For low-voltage circuit breakers, the total clearing time displayed 
on the Manufacturer’s drawing is assumed to include the breaker opening time. 

 Ground: Indicates whether the fault location includes a path to ground. Systems with high-resistance 
grounds are assumed to be ungrounded in the Arc Flash calculations. (Available for IEEE 1584 only) 

 Equip Type: Used only in the IEEE 1584 method to indicate whether the equipment is Switchgear, 
Panel, Cable or Open Air. The equipment type provides a default Gap value and a distance exponent 
used in the IEEE incident energy equations. The equipment type provides a default Gap value and a 
distance exponent used in the IEEE incident energy equations. 

 Gap: Used only in the IEEE 1584 method to define the spacing between bus bars or conductors at the 
arc location.  

 Duration of Arc: The summation of Trip/Delay Time and Breaker Opening Time.  

 Arc Type: Identifies whether the fault location is in an enclosure or in open air. In open air the arc 
energy will radiate in all directions whereas an enclosure will focus the energy toward the enclosure 
opening. The In Box / Air selection is available when the NFPA 70E study option is selected. For the 
IEEE 1584 study selection the In Box or In Air is determined automatically from the Equipment Type 
specification. 

 Arc Flash Boundary: The distance from exposed live parts within which a person could receive a 2nd 
degree burn. 

 Working Distance: The distance between the arc source and the worker’s face or chest. 

 Incident Energy: The amount of energy on a surface at a specific distance from a flash. 

 Required Protective FR Clothing Category (PPE): Indicates the PPE required preventing an incurable 
burn at the working distance during an arcing fault. 

 Label #: This allows the user to specify the prefix character that will go on the "Label #" column in 
the Arc Flash spreadsheet report. This field can help in sorting out (organizing) the label when they 
printed out. 

 Cable Length from Trip Device: Reports the total cable length from the protective device that trips to 
clear the fault to the faulted bus. If there is no cable in between, nothing will be reported. 

The results from the arc flash analysis show four main categories of concern. The first category is a 
Category 0. This category incorporates most of the components within the system, and has an upper limit 
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of 1.2 cal/cm2 for the incident energy. The proper clothing and equipment for this category, as well as all 
other categories, is described in the PPE Table on page 18. The second category is a Category 1, which 
has an incident energy range of 1.2 – 4 cal/cm2. The third category that shows up in the arc flash analysis 
report for this system is Category 2. Category 2 has an incident energy range of 4 – 8 cal/cm2. Categories 
0 – 4 require a Warning label with the appropriate arc flash information listed to be placed on the 
equipment. Finally, the last category that is present in this system is a category of Danger. This category 
is the most severe category, and requires a DANGER label to be placed on the equipment stating that live 
work is not to be performed. The incident energy range for the Danger category is 40 – 999 cal/cm2.  
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Table 12. Arc-flash analysis results. 
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4. Ground Review 
As part of the BioMass PDU project analysis, grounding and multi-state code reviews were 

performed. The 480V system has been considered in the review process and has been checked against 
three possible system configurations, a four-wire grounded system, a four-wire high-impedance system, 
and a three-wire delta system. As part of this review, it was suggested that the equipment grounding 
system and the static/lightning protections systems be integrated into one ground-wire system. 

The system will have loads delta connected; this includes motors, step-down transformers, and 
variable-speed drives. Given the three possible system configurations, there are different code sections to 
which they must adhere.  

For the four-wire grounded system, {§250.20(B)(2)} of the National Electric Code must be followed, 
explaining a neutral grounded system. The neutral conductor must be run to each subpanel that is listed as 
a four-wire panel.  

For a four-wire high-impedance grounded system, {§250.20(E)} of the National Electric Code must 
be followed, specifically explaining the neutral high-impedance grounded system.  

For a three-wire delta system, {§250.20(D); §250.21(A)(4)} of the National Electric Code must be 
followed for an ungrounded system. It is specifically noted that the panels must be listed and rated for an 
ungrounded delta system. 

The size of the grounding electrode conductor where supplied by a feeder or branch circuit or at a 
separately derived system of a grounded or an ungrounded alternating current system shall not be less 
than given in Table 250.66, except as permitted in 250.66(A) – (C) of the NEC. 

Figure 4 represents the grounded system as applied to the BioMass PDU application. 
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Figure 4. Biomass PDU grounding description.
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5. Multi-State Code Review 
The BioMass PDU project will not be a permanent unit. It will be a mobile unit that could spend time 

in any state across the nation. This changes the typical standards review that most electrical projects go 
through. The fact that multiple states could be involved requires the review of every state’s electric code 
requirements for such a unit. The major concern for the multi-state code review was directed toward the 
review of Code Section 250 in the National Electric Code. This section describes the Grounding and 
Bonding requirements. 

A few comment definitions as they apply to the BioMass PDU project are as follows: 

 Standard Application—The code is applied in a standard fashion as with any project. Material 
selection or implementation choices are at the discretion of the project manager. 

 Specifically Applied—The project must address or implement this particular part of the code. 

 N/A—Generally, not applicable to this project as it has been defined. 

The following table shows the sections of Article 250 and how they relate to the BioMass PDU 
project as defined. 

 
Figure 5. 2008 NEC code review for Article 250. 

The following map is from the National Electric Manufacturers Association (NEMA) and is intended 
to provide information on the current adoptions of the NEC to local jurisdictions. It is intended to be used 
by the project manager to ensure that the installation meets local code requirements. 
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Figure 6. 2011 NEC adoptions by state. 
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Appendix A 
 

Input Data 
Conductors 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Transformer 
[NOTE: Ctrl+click on the image to open the PDF file.] 
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Utility 
[NOTE: Ctrl+click on the image to open the PDF file.] 

 

 
 

  



 

 26

Loads  
[NOTE: Ctrl+click on the image to open the PDF file.] 
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Motors 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Breakers 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Fuses 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Appendix B 
 

Short Circuit Analysis 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Appendix C 
 

Load Flow Analysis 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Load Flow BUS Information 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Load Flow Conductor Information 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Appendix D 
 

TCC Drawings (MCC1, MCC2, Dryer, MCC4) 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Appendix F 
 

Equipment Evaluation Reports 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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Appendix G 
 

Electrical Inspection Emails 
 

[NOTE: Ctrl+click on the image to open the PDF file.] 
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